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[57] ABSTRACT 

A method of laser shock peening a metallic part by firing a 
laser on a laser shock peening surface of the put which has 
been adhesively covered by tape having an ablative medium. 
preferably, a self adhering tape with an adhesive layer on one 
side of an ablative layer and a confinenlent medium without 
flowing a confinement curtain of fluid nver the surface upon 
which the laser beam is firing. Cuntinuuus rnovrnlent is 
provided khveen the part and the laser beam while con- 
tinuously firing the Laser beam, which repeatably pulses 
between relatively constant periods. on a laser shock peen- 
ing surface of the part. Using a laser beam with sufficient 
power to vaporize the ahlative medium so that the pulses 
form laser bean  spots on the surface and a region having 
deep compressive residual stresses imparted by the laser 
shock pzening process extending into the pa? from the 
surface. The confinement medium may be supplied by a 
single layer of tape having a clear layer over the ablative 
layer or a thicker lap or thickness of laps of a tape with just 
an -biati:.e !ayer whsrdfi :he cxEa fhicb;iiiss proVi&s 
confinement medium. 

17 Claims, 5 Drawing Sheets 
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DRY TAPE COVERED LASER SIIOCK it diEcult to mJntain an essentially  ern gap and the desired 
PEENING depth resulting in the loss of the expected LSP effect. The 

invention of U S .  patent application Ser. No. 081511.771 
The Government has rights to this invention pursuant to entitled "MFTHOD AND APPARATITS FOR LASER 

Contract Nos. F33657-93-C-0015. F33657-86-C-2040 m d  5 SHOCK PEENING discloses means to provide enhanced 
F09601-95-C-0076 awarded by the Department of the Air water confinement and water curtain properties. 
Force. Laser shock peening is a process that. as any production 

technique. involves lmchinery and is t h e  consuming and 
espensive, Therefore, any techniques that can reduce the 

n e  present .4pphcation deals with subject matter lo "OUnt Or Compk~ity of prod~ctI0n machinery andfor pro- 
in copending u , ~ .  pat, 4ppfication N ~ ~ .  081638.623 duction time are highly desirable. The invention disclosed in 
sntitled u~~~~~~~~ TAPE C O V ~ D  LASER SHOCK the 081638.623 patent application is directed at replacing the 
PEENING": 08/3 19.346. elltitled .'LASER SHOCK time consunliog painting and paint clrying steps with a less 
P E E N E  n ROTOR C O M P  O ~ E N T S  FOR time consuming taping step and incorporating a clear fluid 
T U R B O M A C ~ E R ~ ,  08/373,133, entitled + 4 ~ , 4 ~ ~ ~  15 flow curtain, waler being the preferred medium. which 
SHOCK PEENED GAS T[,-N ENGINE FAN BLADE provides confinement of the explosive force generated by 
EDGES". U.S. Pat. Ser. N ~ ~ .  08/399,285, the instantaneous ablation or vaporization of the t apd  
'XASER SHOCK PEENJZD GAS TI_~RBW ENGWZ surface. The present invention is directed at replacing the 
COMPRESSOR B L m E  EDGES" and 081362262. entitled time consuming p ~ n t i n g  step with a less time consuming 
"ON THE FLY LASER SHOCK PEJZNING". 20 taping step and eliminating the aecd to provide a clear fluid 

flow or water curtain during the laser shock peening process. 
RACKGROUND OF THE INVENTION The region of deep compressive residual stresses imparted 

I. Field of the Invention by laser shuck peen& of the present invention is not to be 

This invention relates to laser shock peening of gas confused with a surface layer zone of a workpiece that 

turbine engine parts and. more particularly. to adhesively 25 contains locally bounded compressive residual stresses that 

covrring laser shock peening of a worbpiece with u e  induced by a hxdening operadon using a laser beam to 

tape which includes an ablative medium and a confinement locally heat and thereby harden the workpiece such as that 

for producing compressive residud which is disclosed in U S .  Pat. No. 5.235.838, entitled 

stresses imparted in the workpiece by laser shock peening "Method And Apparatus For Truinz Or Sbraightening Out Of 

without using a fluid flow confinement curtain. 30 True Work Pieces". The present invention uses multiple 
radiation pulses from high power pulsed lasers to producc 

2. Description of Related Art shock waves on the surface of a wwbiece  similar to 

e r a t d  shock waves into the buLk of the A e r i a l  of a 
component being LSP'D to create the beneficial c o q r e s -  
sive residual stresses. This contlning medium also serves as 
a carrier to remove process generated debris and any unused 
laser beam energy. Water is an ideal confining medium since 
it i q  transparent to the ND:YAG beam wavelength and is 
easy to unplement in production. It was found useful to keep 
the water cnrtain in continuous contact with an essentially 
zero gap between the surface of the workpiece that provides 
the ablative medium on the part being LSP'D and the water. 
The water curtain often must be kept at a depth greater than 
1 mm. Many surface tension effects and part geometry make 

A method of laser shock peening a met<allic part by firing 
a lascr on a dry laser shock peening taped surface of the part 
which has been adhesively covered by tape having an 
ablative medium and a confinement medium. preferably a 

ffi self adhering tape with an adhesive layer on one side of an 
ablative layer. The laser beam is fired dry. meaning without 
flowing a curtain of water or other fluid over the surface 
upon which the laser beam is firing. One particular method 
includes continuously moving the part. while continuously 

65 firing a stationary laser beam, which repeatably pulses 
behveen relatively constant periods. on a portion of the part. 
Using a laser beam with sufficirnl power Lo vaporize the 
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ablative medium. the p~iises forming laser heanl spot3 providing safe and reliable operation of older gas turbine 
formed by the laser beam on the surface and lornling a engine fan blades while avoiding expensive rcdcsign efforts 
region having deep compressive residual stresses imparted or frequent replacement of suspect fan blades as is now often 
by the laser shock peening process extending into the p'm done or rzquired. 
from the laser shockpeened surface. The part may be moved 5 

tinenrly to produce at Ieast one row of overlapping circular BRIEF DESCRIPTION OF T I E  DRAWEYGS 
laser bean spots havil'g generally a p m  The foregoing aspects and other features of thc invention 
linearly aligned center points and the p31-t may be moved and me explained in the following description. talren in connec- 
the laser be'm fised to produce more than one row of tion with Q , ~  drawings where: 
overlapping circular laser bean1 spots having generally 10 nG. is a view of a fan blade to be processed 
equilll~ s ~ a c e d  'part linewly , ~ g n e d  points wherein in accor&nce with an exen,plary of the n,ethori 
adjacent rows of spots overlap. The laser beam nlay be h e d  of the present 
and the part moved so that thc center points of adjacent spots 
in rows are also from each other a FIG. 2 is a cross-sectionalview of the processed fan blade 

equal amount in a disection along a line on which the center 1s in 'IG. 
points are linearly digned. These steps may repeated FIG. 3 is a schemaucal perspective view of the blade of 
using f ~ e s h  tape on each sequence of laser firings. LlG. 1 taped and mounted in a layer ~ h ~ k p e e n i n g  system 

~l~~ taping may be with a single layer of adhesive tape illus~ating the method of the przsent invention. 

having an aa~esive  layer on one side of an ablative layer FIG. 3Ais a partial cross-rcctional and a partial schematic 
containing the ablative medium and a confinement layer 20 view of the setup in FIG. 3. 
having the confinement medium, preferably a clear plastic FIG. 38 is a cross-sectional view of an alternative method 
medium on an opposite side of the ablative layer. More than of taping the blade edges in FTG. 3A. 
one layer may be used. A thicker tape layer may also be used KG. 4 is a schematic ifittswation of a of laser 
having onc or morc layers of adhesive plastic tape with shocked peened circulx spoLs on a laser shock Fened 
an adhesive layer on one side of an ablative layer containing 25 atong a leading edge of the fan blade m ~ ,  2. 
the ablative medium and which also servcs as the confine- FIG. is a of a pmicular 
rnent medium. having four sequences of laser shocked pccned circular spots 
h another embodiment of the present invention, the laser that don't overlap witkio a given sequence. 

shock peened taped surface is laser shock peened using a set 
of sequences. in which each sequence of the surface is taped 30 DETAILED DESCRIFTON OF T I E  
and. thcn. the prvt is continuously moved while continuously DWJZhTION 
ftring a stationary laser beam on the surface, such that mustrated in FIGS. 1 and 2 is a schematic representafioll 
adjacent laser shockpeened circular spots are hit in different of rln exemplary aircraft turbofan gas turbine fan 
ones of the sequences in the set so that no laser spots overlap bblndc for shock peening in accordance with one 
in any one sequence. In a more particular cmbodirnent, ths. '' embodiment of the present hention, .rl,e blade 
laser heam is fired and the part moved so that thc center includes an airfoil 311 extending ouhvard from a 

of ad.iace11t 'pots in ad.iacent rows nre each blade p!atfGEl 36 to a b!,?& tip 33, '!>e f2n blade ific!.des 
other a generally equal amount in a direction along a line on a root section 4O radially inward from the plat- 
which tht: center points are linearly 'aligned ,, form 36 to a radially inwxd end 37 of the root section 40. 

ADVANTAGES At the radially inward cnd 37 of the root section 40 is a blade 
root 42 which is connected to the platform 36 by a blade 

Advantages of the present invention are numerous and shank 44. The airfoil 34 extends in the chordwise direction 
include lowering the cost, time, man power and complexity between a leading edge 1.E and a trailing edge TE of the 
of laser shock peening. The present invention replaces the 45 airfoil. 4 chord C of the airfoil 34 is the line between the 
tedious. costly and time consumingpainting, re-pdnting and leading edge LE and bailing edge TE at each cross-section 
paint drying steps with a less time consuming taping step as of the blade as illustrated in FIG. 3. Apressure side 46 of the 
well as eliminating the need for a flow of confining fluid. airfoil ?A faces in the general direction of rotation as 
typically water. It also eliminates the machinery and mate- indiated by an arrow V and a suction side 18 is on the other 
rials involved in painting and drying and flowing a fluid 50 side of the airfoil and a mean-line ML is generally disposed 
confinement flow over the laser shock peening surface. It midway between the two faces in the chordwise direction. 
also makes the process faster by eliminating the paint drying The fan blade 8 has a leading edge section 50 that extends 
steps. along the leading edge LE of the a~rfoil 34 from the blade 

Among the advantages provided by the present invention platfom~ 36 to the blade tip 38. The leading edge section 50 
is a cost efficient method to laser shnck peen surfaces of js includes a predetermined fust width W l  such that the 
portions of gas turbine engine parts, such as blades, designed leading edge section 50 encompasses nicks 52 and tears that 
to operate in high tensile and vibratory stress held3 which may occur along the leadmg edge of the airfoil 311. The 
can better withstand fatigue f&lure due to nicks and tears in airfoil 34 subject to a significant tensile stress field due to 
the leading and traiiing edges of the fan blade and have an centrifugal forces generated by the fan blade 8 rotating 
increased life over conventionally constructed fan blades. 60 during engine operation. The airfoil 34 is also subject to 
Another advantage of the present invention is that fan and vibrations generatzd during engine operation and the nicks 
compressor blades m d  other parts can be constructed with 52 and tears operate as Ggh cycle fatigue stress risers 
cost efficient methods to provide commxcially acceptable producing additional stress concentrations around them. 
lite spans without increasing thicknesses along the leading To counter fatigue failure of pvrtions of the blade along 
and trailing edges as is conventionatly done. The present 6s possible crack lines that can develop and emanate born the 
invention can be advantageously used to refurbish existing nicks and tears at least one and preferably both of tht: 
fan and compressor blades with a low cost method for pressure side 46 and the suction side 48 have a laser shock 
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peening surfaces 54 and a pre-stressed region 56 having surface 54 to remove bubbles that may rcnlain between the 
deep compressive residual stresses imparted by laser shock tape and the laser shock peening surface. The tape is 
peening (LSP') extending into the &foil 34 from the laser considered a coating of the surface 54 for the purposes of 
shock peened surfaces as seen in FIG. 2. Preferably. the this patent. 
pre-stressed regions 56 are co-extensive with the leading 5 The laser shock peening apparatus 1 illustrated herein 
edge section 50 in the chwdwise direction to the full zxtent includes a laser beam amuatus including a generator 31 
of width W1 and are deep enough into the airfoil 34 to having an oscillator and a pre-amplifier and a beall splitter 
coalesce for at least a part of the width W1. The pre-stressed which feeds the pre-amplified laser heam into two beam 
regions 56 are shown co-extensive with the leading cdgc optical transmission circuits each having a first and second 
section 50 in the radial direction along the leading edge I,E lo amplifier 30 and 32, respectively. and optics 35 which 
but may be shorter. include optical elements [hat transmit and focus [he laser 

Illustrated in RGS. 3 and 3A is the blade 8 mounted in a beam 2 on the laser shock peening taped surface 55. The 
robotic arm 28 used to move and position the blade to effect controller 24 nlay be used to modulate and lire the laser 
laser shock peening "on the fly'' in accordance with a laser beam apparatus to fire the laser beam 2 on the laser shock 
shock peening method and apparatus 1 of the present peening taped surface 55 in a controlled nmnner. 
invention. The invention is illustrated for use in laser $hock The laser bcam shock induced deep compressive residual 
peening the leading edge section 50. in accordance with an stresses in the compressive pre-stressed regions 56 are 
embodiment of the present invention, as indicated by a laser generally about 50-150 IWSI (mu Pounds per Square inch) 
shitck peening surface 54, which is covered by a layer of an extending from the laser shock peening surfaces 34 to a 
adhesive tape 59 having overlapping laser shocked pzened 20 depth of about 20-50 mils into laser shock induced com- 
circular spots 58. Whereas, in previous laser shock peening pressive residually stressed regions 56. The laser beam 
processes. the laser shock peening surfaces 54 would have. shuck induced deep compressive residual saesszs are pro- 
been painted before each sequence of laser shock peening. duced by repetitively firing a high energy laser beam 2 that 

'I'he exemplary tape 59 includes an ablative med im layer is deiocused k a few mils with respect to the laszr shock 
61 and a confinement layer 21 and preferably, an adhesive 15 peening taped surface 55. The laser beam 2 typically has a 
layer 60 as illustrated in FIG. 3A. The clear confining layer peak power density on the order of magnitude of a gigawatt/ 
21 replaces what has been generay used up until now, a cm2 andis fired without the use of a curtain of flowing water 
clear fluid curtain. usually a flow of water over the laser that is flowed over the taped surface 55 in the prior art. The 
shock peening surface 54. Aform of the tape 59. without an ablative medium is ablated generating plasma which results 
adhesive layer, may also be used with a suitable adhesive 30 in shock waves on the surface of the material. These shock 
material applied directly to the laser shock peening surface waves are redirected towards the taped surface by the clear 
54. Suggested materials for the ablative confinement layers confinenlent layer 21 or alternatively by the combined 
include plastic, such as vinyl plastic Nm. wherein Ule thickness of the multiple tape laps in the embodiment 
ablative medium may be pigmented black and the confine- illustrated in FIG. 3B to generate travelling shock waves 
ment layer pigmented clear. The tape 59 should Ix rubbed or 35 (pressure waves) in the material below the taped surface. 
othenvise pressed against the shock peening surface 54 to The amplitude and quantity of rhese shockwave derermine 
remove bubbles tila[ m y  remain between the ape  and the the depth and intensity of compressive stresses. The lape is 
laser shockpeening surface. The tape is considered a coating used to protect the target surface. generate plasma and 
of the surface 54 for the purposes of this patent. The fan confine the explosion and direct the shockwave to the laser 
blade 8 also has a trailing edge section 70 that extends along 40 shock peening surface a. 
the trailing edgeTE of the airfoil 3.1 from the blade platform The laser may be fired sequentially "on the fly", as 
36 to the blade tip 38. The trailing edge section 70 includes illustrated in FIG. 4. so that the laser shock peening taped 
a predetermined second width W2 in which it m y  also be wrface 55 is laser shock peened with more than one 
desirable to form laser shock peening surfaces 54 and sequence of firings on the laser shock peening taped surface 
pre-stressed regions 56 having deep compressive residual 45 55. The preferred embodiment of the method of the present 
stresses imparted by laser shock peening (LSP) extending invention includes continuously moving the blade while 
into the airfoil 34 from the laser shock peened wfaces as continuously firing the laser beam on the taped surface such 
seen in FIG. 2. that adjacent laser shock peened circular spots 'arc hit in 

Alternatively. the present invention provides that laser m e r e n t  sequences. However. the laser beammay he moved 
shock peening surfaces 54 may be adhesively covered with 50 instead just so long as relative movement behveen the beau 
at least one thick tape lap or two or more thinner laps of a and the surface is effected. 
tape 59 without the clear confinement laycr 21 to provide a FIGS. 4 and 5 illustrates a pattern of laser shocked peened 
laser shock peening taped surface 55 as illustrated in FIG. circular spots 58 (indicated by the circlesj of four such 
3B. The tape 59 shouldprovide a good ablative medium and sequences S1 through 54. The S l  sequence is shown as full 
adhesive medium. Preferably. the tape 59 is self adhesive 55 line circles, as opposed to dotted line circles of the other 
having an adhesive layer 60 of adhesive material and an sequences. to illustrate the feature of having non adjacent 
ablative layer 61 of ablative material as illustrated in FIG. laser shocked peened circular spots 58 with their corrc- 
3A. Suggested materials for the ablative layer include plastic sponding centers X along a row centerline 62. The pattern of 
such as vinyl plastic film. One suitable source for the tape 59 sequences entirely covers the laser shock peening taped 
is SCOTCH BRAND NO. 471 PLASTIC FILM TME 60 surface 55. The laser shocked peened circular spots 58 have 
which can be had with a black pigmented vinyl plastic a diameter D in arow 64 of overlapping laser shockpeened 
backing. about 4 mils thick. and has a rubber adhesive layer. circular spots. The pattern may be of multiple overlapping 
aboilt 1 mil thick. The ablative medium in the form of the rows 64 of overlapping shock peened circular spots on the 
tape 59 without an adhesive layer may also be used with a laser shock peening taped surface 55. A f i s t  overlap is 
suitable adhesive material applied directly to the laser shock 65 between adjacent laser shock peened circular spots 58 in a 
peening surface 54. The lap or laps of tape 59 should also be given row and is generally defined by a first offset 01 
rubbed or otherwise pressed against the shock peening between centers X of the adjacent laser shock peened 
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circular spots 58 anti can vary from about 30%-50% or more sequence S2. S3 and S4 ;Ire illustrated ns dotted line, single 
of the diameter D. A second overlap is between adjacent dashed line. and double dashed line circles, respectively. 
laser shock peened circular spots 58 in adjacent rows and is Before the next sequence. such as between sequence S1 and 
generally defined by a second offset 02 between adjacent sequence S2. the entire area of the laser shock peening 
row centerlines 62 and can vary from about 30%-50% of the 5 surface 54 to be laser shock peened is re-taped, This pro- 
diameter D depending on applications and the strength or cedure of re-taping avoids any of the bare metal of the laser 
fluency of the laser beam. A third overlap in the form of a shock peening surface from being hit directly with the laser 
linear offset 0'3 behveen centers S of adjacent laser shock beam. For an area coverage of five rows with the spacing 
peened circular spots 58 in adjacent rows 63 and can v v  between rows and between adjacent spots of about 30'5. it 
from about 30q&jO% the diameter D depending on a lo i' found that one tape andthree re-tapes will he necesc'q so 
particulnr application. that the part is actually taped four times in total which is 

 hi^ method is designed so that only virgin or neilr virgin much faqter and less consun~ing of manpower and machin- 

taw is  ablated away without any nppreciablc effect or ery than the painting and re-painting steps it replaces. It has 

Lh,rlage the surface of the airfoil, ~ l ~ i ~  is prevent been found desirable to laser shock peen a given part. such 

minor blemishes or remelt due to the laser which luight as a fan blade, with between tivo and five rows. It has also 

ohenvise cause u,,wanted aerodynamic on the been found desirable to laser shock peen each spot 58 up to 

blade!s operation. severd sequences nlay be required to 3 or more times. F each spot 58 is hit 3 t h e s  then 1 taping 

cover entire padan and re.taping of [he laser and 11 re-tapings is required for three sets of sequences 

peening surfaces 53 is done between each sequence of laser S1-S4 for a of l2 tapings, 

firings. m e  laser firing each sequence has multiple laser zn R%de the preferred cmbodiment of the present invention 
firings or pulses with a period behveen firings that is often h a s k e n  described fully in order to explain its principles. it 

to a ~~~i~~ the rep, the part is moved so that is understood that various modifications or alterations may 
the nest pulse occurs at the location ofthe next laser shocked he made to the preferred embodiment without depa ing  
pened circular spot 58. Preferably. the part is moved from the scope of the invention as set forth in the appended 
continuously and timed to be at the appropriate location at claims. 
the pulse or firing of the laser beam. One or more repeats of w e  clainl: 
each sequence may be to hit each laser shocked peened 1. A nlcthod of laser shock peening a metallic workpiece, 
circular spot 58 more than once. This may also allow for less method comprising the following steps: 
lascr powcr to be used in each firing or laser pulse. forming a taped surface by adhesively covering a laser 

One example of the present invention is a fan hlade 8 30 shock peening surface on the workpiece with an adhe- 
having an airfoil aboul 11 inches long. a chord C about 3.5 sive tape such that the tap. provides a self adhesive 
inches. and laser shock peening surfaces -54 about 2 inches layer. an ablative medium and a confinement medium, 
long along the leading edge LE. The laser shock pzened continuously fuing a laser beam which repeatably pulses 
surfaces 54 arc about 0.5 inches wide (Wl).  A first row fi4 between relatively constant periods. on the taped sur- 
of laser shocked peened circular spots 58 nearest the leading 35 face of the workpiece while providing continuous 
edge LE extends beyond the leading edge by about 20% of movement between the laser beam and the metallic 
the laser spot diameter D which is about 0.27". thus, workpiece. 
hq&-,-ilg deep co,qjressbe resi&d s;lesszs In b\e pie- .c:-- 1 u 1 1 1 g  &L- UIC < " - - A  l a h u  L--- ~ 4 1 1 1  ... W L U I  :&L ~ U U L I G L I L ~ U W C I  -..c.-:--& *A LU Y ~ ~ ~ I L L G  : -A  .I.- U K  

srressedregion 56 below the laser shockpeening surfaces 54 ablative medium of the tape with the pulses and form- 
vchich extend about 0.54 inches from the leading edge. Four .+o ing laser beam spots on the tape and forming a region 
sequences of continuous laser lirings and blade movement in the workpiece having deep compressive residual 
nre used. The firings between reps of the laser are done on stresses imparted by the laser beam pulsing such that 
5pots 58 which lie on unablated taped surfaces which the region extends into the workpiece from the laser 
requires a re-tape between each of the sequences. Each spot shock peening surface. and 
55 is hit three times and  therefore. three sets of four 45 firing the laser beam without flowing a Buid curtain over 
sequences are used for a total of twelve taping andre-tapings the tape upon which the laser beam is firing to form a 
of the laser shock peening surface 54. pattern of overlapping laser beam ?pots while moving 

Elustrated in FIG. 5 is an alternative embodiment of a the laser relative to Uie workpiece. 
laser shock peening process in accordance with the present 2. A method as claimed in claim 1 f~uther comprising 
invention. The process may be used to laser shock peen the 50 simultaneously laser shock peening two sides of the work- 
entire. or a portion of. the fan blade leading edge using five piece using the method in claim 1. 
rows of laser shock peened spots and covering the entire area 3. A method as claimed in claim 1 wherein the workpiece 
of the laser shock peened surfaces 54 in four sequences is moved Linearly to produce a row of overlapping circular 
designated S1. S2. S3  and 54. The laser shock penning laser beam spots having generally equally spaced apart 
process starts with the first sequence where every four spots 55 linearly aligned center points. 
is laser shock peened on sequence 1 while the blade is 4. Amethod as claimed in claim 1 wherein the workpiece 
continuously moved and the laser beam is continuously fired is moved and the laser beam is fired to produce more than 
or pulsed. The part is timed to move between adjacent laser one row of overlapping circular laser beam spots having 
shock peened spots in the given sequence such as S l .  The generally equally spaced apart linearly aligned center points 
tinling coincides with the rep between the pulses of the 6a wherein ddjacent rows of spots overlap. 
continuous laser firing on the blade. All five rows of the 5. Anlethod as claimed in claim 4 wherein the laser beam 
overlapping laser shocked peened circulx spots 58 contain is fired and the workpiece moved so that the center points of 
spots of each sequence spaced apart a distance so that other adjacent spots in adjacent rows are offset from each other a 
laser shock peened circular spots of the same sequence don't generally equal amount in a direction along a line on which 
effect the tape around it. Sequence 1, preccded by a first 65 the center points are linearly aligned. 
taping. is shown by the complete or full circles in the FIG. 6. A method as claimed in claim 4 wherein the laser shock 
4 while the other laser shock peened spots such as in peened surface is laser shock peened using a set of 
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sequences wherein each sequence i-omprises taping the one row of overlapping circular laser beam spots having 
surface with a tape suitable to genttrate and confine a plasma generally eqt~afiy spaced a p m  linearly aligned centzr points 
which results in shock waves to form the region having deep wilerein adjacent rows of spots overlap. 
compressive residual stresses and then continuously moving 13. A method as clc-ed in claim 9 ,,,herein ~l~ laser 
the workpiece while continuously firing a stationw- laser 5 peened surface is laser shock peened using a set of 
beam on the surface such that ad.iacent laser shock peened sequences wherein each sequence comprises taping the ~ucular  spots are hit in different oncs of said sequences in 
said set. surface with a tape suitable to generate and confine a plasma 

7. A as in claim 6 aihereiu the laser beanl which results in shock waves to form the region having deep 

is fired and fie war@iece so that the center points of lo ~ ~ I n p r e ~ ~ i ~ e  residual stresses and then ~ 0 n t h ~ o U s l y  moving 
adjacent s p t s  in adjacent rows are offset from each other a the worbi@ece while continuously firing a stationary laser 
generally equal amount in a direction along a line on which beam on the surface such that adjacent laser shock pecncd 
the center points are linearly aligned. circular spots are hit in different ones of said sequences in 

8. A method as claimed in claim 7 further comprising a said set, 
plurality of said sequence wherein essentially each spot is hit 15 14. A method as claimed in 13 wherein die laser 
more than once in different ones of said plurality and only heam is fired and the worltpiece moved so [hat the center 
once in any of said sequence. points of adjacent spots in adjacent rows are offset from each 

9. A method as claimed in claim 1 wherein a single layer other a equal ,unount in a direction along a line on 
of adhesive tap  is used wherein the adhesive tape has an which the center points are linearly aligned. adhesive layer on one side of an ablative layer containing the 2rj 

ablative medium and a confinement layer having the con- 15. A method as clai~ned in  claim 13 further comprising 

finenlent nledium on an opposile of fie ablative layer, "lualiV of said sequence whereio each 'pt is 

A method as claimed in clainl further comprising hit more than once in different ones of saidplurality and only 

sin~ultaneously laser shuck peening cwo sides of the work- 'Once in of said sequence. 

piece using the method in claim 1. ,5 16. A method as claimed in claim 1 wherein said surface 
11, A as claimed in claim9 wherein the workpiece portion is covered with more than one layer of said tape. 

is moved linearly to produce a row of overlapping circular 17. -4 method as claimed in claim 10 wherein said tape is 
laser beam spots having generally equally spaced apart an adhesive plastic tape having an adhesive layer on one side 
linearly aligned center points. of an ablative layer containing the ablative medium. 

12. A method as claimed in claim 9 wherein the workpiece 30 

is moved and the laser beam is iired to produce more than c * + * +  
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